Background/Aims: Muscle cells are able to trans-differentiate into adipocytes with adipogenesis induction. MicroRNAs (miRNAs), a class of small non-coding RNAs, widely participate in the regulation of growth and development of cells. However, the expression and regulatory role of miRNAs in the trans-differentiation of muscle cell are largely unknown. Methods: C2C12 myoblasts were inducted to adipogenesis trans-differentiation and microarrays were used to expression and knock down. Results: Dozens of miRNAs showed different changes followed the adipogenesis trans-differentiation of C2C12 cells. In which, miR-199a was decreased in the adipogenic cells and miR-199a over-expression inhibited the trans-differentiation and decreased lipid accumulation in the cells. Moreover, Fatty acid transport protein 1 (Fatp1), a major regulator of trans-membrane transportation and the oxidative metabolism of free fatty acids, was showed to be a target of miR-199a by computational and luciferase reporter assays. Additionally, Fatp1 knock-down by small interfering RNA had similar inhibitory effects on the trans-differentiation in C2C12 cells. Conclusion: Our study reveals an important role for miR199a in the regulation of adipogenic trans-differentiation in muscle cells via suppression of Fatp1 gene.
MicroRNA-199a Targets the Fatty Acid Transport Protein 1 Gene and Inhibits the Adipogenic Trans-Differentiation of C2C12 Myoblasts

Introduction
Previous studies have shown that myogenic cell lines are capable of trans-differentiating into adipocytes or adipocyte-like cells following treatment with an adipogenesis stimulant [1] [2] [3] [4] . These trans-differentiated cells lose their myogenic specialty when they acquire R. Qi . an adipogenic capacity. Obviously, the adipogenic trans-differentiation has a different metabolism and molecular regulatory mechanism relative to the normal myogenic differentiation.
MicroRNAs (miRNAs) are a class of small non-coding RNAs, around 18-25 nt in length, that modulate gene expression by targeting 3 untranslated regions (UTRs) of genes at the post-transcriptional level [5, 6] . In recent years, some miRNAs have been shown to play a central role in the growth and development of muscle and adipose tissues via the regulation miRNAs [7] [8] [9] , and are required for skeletal muscle formation, while Let-7 [10], miR-137 [11] , miR-143 [12] and are essential for adipose formation. These miRNAs are regulated by myogenic or adipogenic transcriptions factors, and then control their target genes through adipogenic trans-differentiation of muscle cells have not yet been elucidated.
trans-differentiated C2C12 cells (ADCs), normal myogenic differentiated C2C12 cells (MDCs), and pre-differentiated C2C12 cells (PDCs). Functional studies using miR-199, which is reduced in the ADCs, show that miR-199a over-expression inhibits the trans-differentiation transport protein 1 (Fatp1) is a target of miR-199a and Fatp1 knock down similarly inhibits the trans-differentiation in C2C12 cells. These results therefore indicate miR-199a plays a key role in the adipogenic trans-differentiation of muscle cell by targets Fatp1 and the and adipose tissues.
Materials and Methods
Cell culture and induction of differentiation
2
. To induce normal medium for several days, as indicated for each experiment. To induce adipogenesis tans-differentiation, medium supplemented with only 1 mg/mL insulin for another 2 days. Subsequently, medium was changed every 2 days until the cells were well differentiated. All experiments were performed using three different cell clones.
Oil Red O staining and extraction assay
Oil Red O stock solution and 40% H 2 O) for 30 min at ambient temperature. Lastly, the cells were washed with deionized water, and the stained lipid droplets were dissolved with 100 % avantin for 10 min and the solution were collected for colorimetric analysis at 510 nm (cellular triglycerides assay).
Giemsa staining
During myogenic differentiation, multinucleated myotubes were visualized with the giemsa staining.
twice with deionized water and observed under an inverted microscope. The number of typical muscular tube was counted. 
RNA oligonucleotides and transfection
were transfected into C2C12 cells for over-expression and knock down of miR-199a respectively. The oligonucleotides were severally transfected into C2C12 cells at the 2 nd day of adipogenic differentiation. The exhaustive transfection procedure was in accordance with the manufacturer's instructions for the Lipofectamine 2000 cellular transfection reagent (Invitrogen, CA, USA).
Small interfering RNA (siRNA) against Fatp1 and transfection
A targeted Fatp1
silencing of endogenous Fatp1
Lipofectamine 2000 reagent (Invitrogen) combined with 100 nM of anti-Fatp1 siRNA.
Target genes of miRNAs prediction, gene ontology and KEGG pathway analysis
Targets of the differentially expressed miRNAs were predicted by using the online software, TargetScan 
Statistical analysis
The SPSS statistical software package (VersiAll data were shown as means ± S.D. One-way varibetween three or more groups. Student's t-test was two groups. P < 0.05 or P < 0.01 was considered sta-
Results
Adipogenic trans-differentiation of C2C12 cells
Following adipogenic induction, the C2C12 cells gradually became rounded while accumulating intracellular lipid droplets (Fig. 1A, upside) . In contrast, the C2C12 cells Table 1 . Primer sequences of qRT-PCR. F, forward primer; R, reverse primer stretched and became spindle shape during myogenic differentiation and progressing to form myotubules (Fig. 1A, downside) . Some adipogenesis regulators showed augmented --rentiation compared with PDCs. During this same period, the expression levels of myogenic regulatory factors including myogenin, MyoD, and Myf5 were decreased to different degrees
Expression differences of miRNAs in ADCs and MDCs
Commercial miRNA microarrays were used to detect differences in the miRNA expression P < 0.05) among the three groups of cells. Compared with PDCs, myogenic differentiation caused a change in the expression of P < 0.05), of which 13 were up-regulated and 13 were down-regulated. Compared with PDCs, ADCs showed a change in the expression of 31 miRNAs, including 15 that were up-regulated and 16 down-regulated. Clearly, some known muscle-specify miRNAs (i.e. miR-1a, miR-145a and miR-206) showed reduced expression when some known adipocytes-specify miRNAs (i.e. miR-103 and let-7 a/b) have augmented expression in ADCs. Moreover, the student-test assay indicated that there were 29 miRNAs (P these altered miRNAs belong to the insulin signaling pathway (P < 0.0001) which is closely involved in the proliferation and differentiation of fat cells and muscle cells.
Of all miRNAs showing differential expression between cell types, miR-199a was of particular interest because it has been shown to play a key role in the differentiation of adipocytes recently [13] . Similarly, our microarray data also indicated that both miR-199a that only miR-199a expression was impaired in ADCs compared with PDCs, and that miR- 199b in the microarray detection (microarray signal data < 500), we selected miR-199a for subsequent functional studies.
Over expression of miR-199a suppressed adipogenic differentiation in C2C12 cells
To explore the regulatory function of miR-199a in the adipogenesis trans-differentiation, differentiation (day 2) to over-express and knock-down intracellular mature miR-199a, respectively. As shown in Figure 4 , there was a 40-folds increase and a ~70% decrease in (Fig. 4A) . These changes could maintain for at least 8 days after adipogenic induction.
accumulation in C2C12 cells on day 8 of differentiation, as shown by the Oil Red O staining FASn, Fatp1 and FABP4 mRNA levels were down-regulated to different extents by the elevated miR-199a level (Fig.  4D) . However, the miR-199a inhibitor had a limited effect on the trans-differentiation and adipogenesis.
TargetScan online analysis point out there was an evolutionarily conserved miR-199a binding site in the Fatp1 3 UTR (Fig. 5A) , suggesting that Fatp1 was a possible target for miRFatp1 and miR-199a expressions during the trans-differentiation of C2C12 cells. MiR-199a highly expression at the initial period of trans-differentiation and then decreased with the trans-differentiation progressed, however, the Fatp1 expression pattern was inversely correlated with that of miR-199a luciferase reporter assay showed co-transfection of Luc-Fatp1 with miR-199a mimic in 293T cells resulted in a 45% decrease in luciferase activity as compared to co-transfection using control miRNA, whereas the Fatp1 luciferase activity that suggested miR-199a directly regulated Fatp1 expression by binding increased during the process of myogenic differentiation in C2C12 cells but mRNA level of Fatp1 was augmented simultaneously (Fig. 5F) . 
Fatp1 knock-down suppresses adipogenic differentiation in C2C12 cells
To simulate the suppression effect of miR-199a on Fatp1, a synthetic small interfering (si)RNA was transfected into C2C12 cells for knock-down (KD) endogenous Fatp1 expression. This impeded adipogenic trans-differentiation by down-regulating the expression of adipogenesis regulation factors (Fig. 6A) and decreasing the accumulation of intracellular In the present study, we induced C2C12 cells to differentiate into adipocytes, and observed large numbers of lipid droplets and a remarkable increase in the expressions of the distinct changes we speculated that the molecular mechanism of adipogenic transdifferentiation in myoblasts was similar to that of adipocytes. some miRNAs were recognized as prerequisites for normal differentiation in myoblasts or changes in the expression of many miRNAs during the trans-differentiation. Some muscleones, adherence to cellular fate changes.
Recently, the miR-199 family has been shown to be widely expressed in multiple animal tissues [17, 18] and to participate in a variety of biological events, including signal transduction, immune response, muscle cell differentiation, and cancer progression [19] [20] [21] [22] . expression levels. It was also shown that miR-199a over-expression substantially impede the trans-differentiation and adipogenesis. A similar study previously found that miR-199a attenuating lipid deposition through controlling the expression of caveolin-1 [13] .
via the targeted decrease of Fatp1 expression. Fatp1 was the most important member of the Fatp protein family, serving to transfer circulating free fatty acids, especially long chain and very long chain fatty acids, across the plasma membrane [23] [24] [25] . Fatp1 also acts as an acyl coenzyme A synthetase in the mitochondrial oxidation of fatty acids [26, 27] . It demonstrated steady high expression level in animal muscle and adipose tissues, and was increasing during development. In vitro studies have found Fatp1 to be a pivotal regulator in adipocyte differentiation that affected lipid accumulation [28, 29] . Therefore, its normal usefulness of free fatty acids and the formation of triglycerides, leading to a dysfunction of the adipogenesis system.
In summary, our data show that miR-199a plays an important role in the adipogenic Fatp1 to be the target of miR-199a in these cells. MiR-199a over-expression inhibits the trans-differentiation by impairing Fatp1
Fatp1 participate in the control of trans-differentiation between muscle cells and adipocytes, and, therefore, in maintaining the energy balance within the body.
